Once purchased, information goods are often shared among groups of consumers. Computer software, for example, can be duplicated and passed from one user to the next. Journal articles can be copied. Music can be dubbed. In this paper, we ask whether these various forms of sharing undermine seller profit. We compare profitability under the assumption that information goods are used only by their direct purchasers, with profitability under the more realistic assumption that information goods are sometimes shared within small social communities. We reach several surprising conclusions. We find, for example, that under certain circumstances sharing will markedly increase profit even if sharing is inefficient in the sense that it is more expensive for consumers to distribute the good via sharing than it would be for the producer to simply produce additional units. Conversely, we find that sharing can markedly decrease profit even where sharing reduces net distribution costs. These results contrast with much of the prior literature on small-scale sharing, but are consistent with results obtained in related work on the topic of commodity bundling. * For helpful comments on this and earlier drafts, we owe special thanks to
I. Introduction
In an influential article published a decade ago, 1 Stan Besen and Sheila Kirby investigated the economic effects of "small-scale, decentralized reproduction of intellectual property" --the types of information sharing that take place every time a consumer pirates a computer program, dubs a music CD, duplicates a journal article, or otherwise shares access to a purchased information good.
Content producers had long claimed significant economic harm from these types of small-scale sharing 2 and had even "occasionally succeeded" in having legislation introduced that would compensate for its purported effects. 3 Yet the profit implications of small-scale sharing were poorly understood. So Besen and Kirby set out to model this phenomenon as an important first step toward evaluating content producers' claims, their business strategies, and the various legal responses.
Like most of the work that preceded it 4 --and many of the papers since 5 --Besen and Kirby's model focused on the relationship between consumers' marginal cost of sharing and sellers' marginal cost of producing original units. They argued that a critical determinant of producer welfare is the relationship between these two types of marginal cost. Specifically, they suggested that where consumers can distribute an information good via sharing more cheaply than its producer can distribute it via the production of additional original units, sharing will tend to increase seller profit; but where sharing is more expensive, seller profit will typically diminish. 6 An example helps to illustrate their insight. All other things held equal, if consumers can pass a magazine from one reader to the next more cheaply than its publisher can print, package, and mail the appropriate number of individual copies, overall efficiency will increase. The savings,
Besen and Kirby reasonably suggested, will make both producers and consumers better off. 7 If, however, consumers incur greater costs in sharing the magazine than its publisher would have incurred had he simply produced additional copies, efficiency and profit will both decrease.
In the ten years that have passed since Besen and Kirby's important contribution, small-scale sharing has continued to be an issue of commercial, political, and scholarly import. Content producers have continued to claim that sharing devastates profit. 8 Legislators have continued to propose and enact protective legislation. 9 And a long line of academic scholarship has continued to develop Besen and Kirby's core insight as to the relationship between production costs and profitability. 10 Technology, however, has changed in these intervening years --and that change has important and as-yet-unrecognized implications for this line of scholarship. Specifically, in many settings, technology is reducing both the marginal cost of producing original units and the inconvenience costs of small-scale sharing. This is true largely because information goods are increasingly available in digital form. They are composed of bits, not atoms --and bits can be quickly, accurately, and inexpensively duplicated by consumers and producers alike.
The change, of course, does not invalidate Besen and Kirby's insight. Consumers and producers still likely face different marginal costs, and the difference still surely influences seller profit. Our point here is only that modern technology considerably reduces these costs --a shift that has led us to wonder whether other factors might today be correspondingly more important to the question Besen and Kirby first raised.
In this paper, we therefore ask once again how various forms of small-scale sharing affect seller profit. We compare profitability under the assumption that information goods are used only by their direct purchasers, with profitability under the more realistic assumption that information goods are sometimes shared within small social communities. In contrast to prior work, however, we assume that the seller's marginal costs of original production and consumers' marginal costs of sharing are negligibly low. We find that two previously unexplored factors influence seller profit:
an "aggregation effect" that tends to increase profit, and a "team diversity effect" that tends to diminish it. Our contribution is to identify these factors, integrate them into the prior literature, and explore some of their implications.
Like all of the prior work, our analysis begins with two competing intuitions. The first and more familiar is the idea that sharing harms producers by decreasing the number of original information goods sold. Some consumers who receive the information good through sharing, after all, would have purchased the good were sharing not an option. The second and more interesting idea, however, is that sharing confers a corresponding benefit: consumers are likely willing to pay more for information goods that they can then share and trade with others.
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To quantify these competing intuitions, we have to make some general assumption as to how consumers team together to share information goods. Two simple examples help to establish the range of possibilities:
Example 1: A video store owner buys a videotape that he expects to rent to numerous customers. Video store owners compete on price; video renters shop for the best deal. The competition ultimately serves to establish some market-clearing price for video rentals, and in the process matches videos to sets of renters. When buying a new video, the store owner will take into account its subsequent value to others in the rental market.
Example 2:
Families purchase and share access to cable television. The head of the household first tries to estimate each family member's valuation, and then enters the marketplace willing to pay up to approximately that sum. This is true even where he or she expects to bear the full cost individually, never asking other family members to "ante up" and contribute their fair share.
In example 1, market forces determine with whom and under what conditions renters share videos. Price, for example, is set at the intersection of supply and demand. The market works because renters are free to rent from any video store owner and hence can haggle for the best deal.
They do not care with whom they share a given video so long as they enjoy access. Example 2, by contrast, illustrates a different type of sharing. Here, sharing groups are defined by pre-existing social relationships. There is no market price; family members do not switch from one family to the next; and the family's willingness-to-pay simply reflects the sum of individual family member's reservation prices.
Market-mediated and family-based sharing are obviously two extreme cases; sharing often occurs in intermediate settings. Friends, for example, feel not only market pressure to maximize personal welfare, but also the pleasant constraints of social intimacy. Consider two friends engaged in a long-term pattern of buying and sharing music CDs. Acting out of self-interest, each friend will purchase only CDs that he himself values. At the same time, however, each will likely also account for the other's preferences when making any purchasing decision; one purpose of the purchase, after all, is to thank his friend for prior purchases by purchasing a new CD that the friend, too, will value.
In their paper, Besen and Kirby explicitly adopt a market framework similar to that set forth in example 1. 12 Most of the related papers have followed suit. 13 However, many of the examples that first motivated Besen and Kirby's work, and continue to motivate ours, seem better described by a predominantly social model. In this paper we therefore adopt the latter approach.
The resulting shift in emphasis has three important implications. First, unlike prior scholarship, in our work we allow each information good to be shared by a different number of consumers. Markets tend to establish an equilibrium "team size" determined by the relative costs and benefits of adding new team members. 14 In prior work, as a result, all sharing groups were assumed to be of the same size. 15 In our model -and, we believe, in many common forms of small- Third and most importantly, implicit in the market models is the assumption that every consumer who enjoys access to a shared good pays the market price for that opportunity.
Consumers in these models never contribute unevenly toward group consumption; there is a single market-clearing price and everyone must pay it, either in cash or in kind. In reality, however, friends and family members often share information goods unevenly. The music aficionado, for example, might offer his friend access to ten CDs for every one he receives in return. Similarly, he might offer to pay for more than half of some shared music purchase. Unlike the market-based models, our approach allows for this type of diversity.
In the remainder of this article we show that, when consumers engage in social sharing of the type described above, and when the marginal costs of original production and sharing are both assumed to be negligible, sharing will at times substantially increase, but can also markedly diminish, producer profit. More formally, we analyze a basic setting in which shared goods are no more or less expensive to produce than are unshared originals; shared goods are no more or less valuable to consumers than are unshared originals; goods are shared in predetermined "social" teams of small size; and those teams are willing to pay up to the sum of what each team member would have been willing to pay individually. In this setting, we find that:
(1) all other things being equal, when goods are shared in teams of a constant size, sharing will almost always increase seller profit as compared to the profit earned in the absence of consumer sharing;
(2) when goods are shared in small teams of varied size, sharing will tend to decrease profit when the diversity in team size is greater than the diversity in individual consumer valuations;
(3) conversely, when goods are shared in small teams of varied size, sharing will tend to increase seller profit when the diversity in team size is less than the diversity in individual consumer valuations; and (4) seller profit under sharing can be enhanced by a negative correlation between team member valuations (as where high-valuing consumers tend to share with low-valuing consumers), and also by a negative correlation between team size and team member valuations (as where low-valuing consumers share in large teams but high-valuing consumers purchase individually or in small teams).
Furthermore, when we extend the model to consider the possibility that shared goods might be inferior to unshared originals (say, because the good degrades, or because sharing imposes nonzero coordination and transaction costs), we find that:
(5) seller profit will sometimes increase as the value of the shared good diminishes.
These results can be explained by the interplay of two factors that have heretofore gone unexplored in the sharing literature. We term these factors the "aggregation effect" and the "team diversity effect." The intuition for the aggregation effect is that, in many situations, a team's valuation for a good has a probability distribution with lower variance than the distribution associated with individual members' valuations for that same good. For instance, individual family members might value Corel's WordPerfect at disparate and unpredictable levels. In some households, the mother might value it highly. In others, the high-valuer might be the father or a teenager. If Corel wanted to maximize profit while selling individual copies, it would have to distinguish between these high-and low-valuing consumers and then set prices accordingly.
Typically, this is difficult or impossible, and so low-valuing consumers tend to be priced out of the market while high-valuing consumers generally retain a surplus even after paying the market price.
Were these individuals to team together and purchase WordPerfect as family units, however, the seller's problem would often be significantly reduced. Even without knowing which family members were of which type, Corel would likely be able to correctly guess that most families (say) are comprised of one or two high-valuing consumers and several other consumers who value the good at a low level. Corel would be better able to set an appropriate price --and hence better able to extract surplus from the market --all without ever having to specifically identify the high-and low- We can illustrate the beneficial effects of demand aggregation by using a simple demand distribution where six consumers value an information good at $5, $7, $9, $11, $13, and $15, respectively. In the absence of price discrimination, a seller facing this demand allocation could extract at most $36 in revenues (by pricing the good at $9). Group these consumers into any pairings, however, and the resulting demand curve is easier to exploit. Indeed, the extreme case --pairing the $5 with the $15, the $7 with the $13, and the $9 with the $11 --allows the seller to extract the entire surplus by charging a price of $20. The team diversity effect is not evident in earlier scholarship because in those papers market-based models lead to an equilibrium where each information good is shared among exactly the same number of consumers. 25 The contrary view, in contrast, turns out to have significant implications. The profit-reducing effects of team diversity counterbalance the profit-enhancing effects of demand aggregation. The net effect, we will show, will at times significantly increase, and at times significantly diminish, seller profit.
Our formal analysis proceeds as follows. In Part II, we show that, under nearly all traditional demand assumptions, if consumers were to share information goods within equally-sized teams, sharing would always increase producer profit. We argue that sharing in this case is almost perfectly analogous to commodity bundling, and we suggest that, like bundling, sharing can have important effects on profit even when it has no effect on the technology of production. Indeed --in contrast to the Besen-Kirby result --we show that sharing can in this case increase profit even if sharing is "inefficient" in the sense that it is more expensive to distribute the good via sharing than it would be for the producer to simply produce additional units itself.
In Part III, we examine sharing in a more realistic form by first allowing team size to vary, and then studying various types of correlations that might exist between team member valuations.
We begin by modeling the simplest situation that nevertheless captures the relevant complexity: the case where consumer valuations are uncorrelated, and consumers either purchase information goods in teams of size one (i.e. as individuals) or in teams of size two (i.e. they share them). We then provide a limiting theorem for when sharing will increase profit and use a series of simulations to
show that the theorem provides a good approximation under a broad set of conditions. Finally, we In Part IV, we analyze what happens when information goods received via sharing are substantially inferior to originals, either because the relevant copying technology is imperfect or because sharing imposes non-trivial transaction or coordination costs. While this will often make sharing less attractive, we show how a producer might actually use such degradation to increase profit, by taking advantage of the potential to reshape demand.
Part V concludes with a discussion of the limitations of this work.
II. Sharing in Teams of Constant Size
In this section, we introduce our basic model and show that, for a general set of conditions, so long as consumers share information goods within teams of constant size, sharing will always increase profit.
Consider a setting with a single seller providing an information good to a set of consumers Ω. Assume each consumer demands either 0 or 1 units of the good and that, while resale is not permitted (or is unprofitable for consumers), consumers can share the information good in teams. For the analysis presented in part II, we make certain simplifying assumptions which are relaxed, modified, or further considered in the subsequent parts of the paper. A1: The marginal cost for additional copies of the information good is zero to the seller.
A2: Consumer valuations v( )
ω are independent and uniformly distributed in [ , ] 0 1 .
A3: For all teams
; that is, shared copies are perfect substitutes for unshared originals, and, further, they can be made costlessly within teams.
A4: Teams are all of the same size such that, for all ϕ ÎF , ϕ = $ n where $ n ≥ 1.
The first assumption, A1, is meant primarily to focus attention on the way sharing reshapes the demand curve. We do this by assuming away the seller's marginal costs of production. The assumption resonates since information goods --like intellectual property more generally --are often expensive to create but inexpensive to reproduce. The general trend described here would hold, however, even if this assumption were weakened or removed.
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More significantly, assumption A2 asserts that there is no predictable mathematical relationship between team members' valuations for the shared good. That is, we imagine that some teams are composed of members with radically different valuations; others are made up of members with largely similar preferences; and, overall, the pattern is best represented by independent random variables. 27 It is interesting to note that the "correct" assumption here might be context-specific.
Teenagers who share computer software, for example, likely have highly correlated tastes. The opposite might apply to the family's subscription to Time magazine. These possibilities are explored in part III.
Assumption A2 also requires that consumer valuations be uniformly distributed; that is, we assume linear demand. This specification is made for expositional purposes only. In the appendix, we demonstrate that our results apply to a much broader class of demand functions, including most of those commonly used in economic models.
The third assumption, A3, sets the framework for a later discussion of how an individual's valuation might vary depending on the number of consumers sharing the good. For instance, the value of a software program might be diminished by sharing, as when sharing means that access to the original distribution media and hardcopy documentation are less convenient. Further, sharing might itself impose non-trivial coordination or duplication costs, costs that would ultimately diminish team members' willingness-to-pay. 28 Assumption A3 temporarily forestalls discussion of these effects by stipulating that individual valuations are unaffected by sharing and that shared copies can be created at zero cost. As with assumption A1, this is more likely to be reasonable for information goods than for other types of goods.
Our fourth assumption, A4, provides a starting point for our analysis by focusing on the case where all teams are of uniform size. This is admittedly a strong and unrealistic assumption.
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Some information goods are likely used only by their direct purchaser while others are surely shared among two, three, or several users. We employ this assumption here, however, because it helps to make clear an important piece of our initial argument: contrary to widespread perception, under certain circumstances sharing unequivocally increases direct profitability. We relax this constantteam-size assumption in part III.
If the four assumptions A1-A4 hold, we show (in an appendix) that sharing always increases profitability. In fact, more sharing --here, larger teams --yields even greater profit. More formally,
Given assumptions A1, A2, A3, A4, sharing (in teams of size $ n > 1) always increases profit compared to the case of no sharing ( $ n = 1).
Proof: All proofs are in appendix 1.
Corollary 1a:
Under the conditions of Proposition 1, the larger the value of n , the greater the profit.
As explained in the introduction, the intuition behind Proposition 1 is that, for many common distributions of consumer valuations, as the number of consumers sharing a good increases, the likelihood that the team will value the information good at some "moderate" value (as compared to the overall distribution of team valuations) also increases. That is, as team size grows, it becomes less and less likely that a team will have a significantly high or significantly low valuation relative to the other teams. 30 We illustrate the process in Figure 1 . A6: The seller's optimal monopoly price is p* ≤ µ .
Proposition 2: Given assumptions A1, A2', A3, A4, A5, and A6, sharing (in teams of size $ n > 1) always increases profit as compared to the case of no sharing ( $ n = 1).
Corollary 2a:
Under the conditions of Proposition 2, the larger the value of n , the greater the profit.
Assumptions A1 and A3 combine to imply that sharing makes possible no new production efficiencies; that is, we assume that distribution via sharing is no cheaper than distribution via original production. As we discussed in the Introduction, in prior scholarship, sharing is profitable for the seller only where these efficiencies exist. 32 In our model thus far, by contrast, sharing will not only strictly increase profit when distribution and production costs are unchanged, but also can increase profit even when this factor pushes in the opposite direction. This is somewhat surprising.
It means that even if sharing is technologically inefficient --even if sharing is a more expensive means of distributing an information good than is original production --sharing might nevertheless benefit information sellers.
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While Proposition 1 and Proposition 2 are mathematically true no matter how large the team size, the propositions are most relevant to the current context when team size remains relatively small. The intuition here is that demand aggregation itself is a realistic assumption only in smallscale social settings. Friends, we have argued, can be expected to both know and account for one another's preferences. Similarly, a head of household will likely be aware of and internalize family members' valuations. The same cannot be said, however, of larger groups. Large teams will find it difficult to coordinate joint purchases, with any attempt at cooperation likely to fall victim to freeriders, information asymmetry, and other problems of strategic behavior. Thus, whereas our work in this section applies to small-scale social sharing, the market models of prior literature seem to better capture the interactions where sharing occurs primarily in large groups.
In summary, for small teams, our results suggest that, where team size is constant, sharing can significantly benefit information sellers even in the absence of production efficiencies. This result is fully consistent with related work in the commodity bundling context 34 --as well it should be. After all, by stipulating constant team size, we have removed from consideration the one critical difference between sharing and commodity bundling: that, due to team size heterogeneity, sharing can be a far less predictable mechanism for combining demand. It is to this additional wrinkle that we now turn.
III. Teams of Varying Size or With Correlated Valuations
In the previous section, we showed that sharing tends to increase producer profit as long as 
a. Teams of Two Different Sizes
By allowing team size to vary, we can distinguish and quantify the two countervailing effects sharing has on the shape of the demand curve. On one hand, as discussed above, aggregation through sharing can reduce diversity in consumer valuations and thus increase seller profit; we have termed this the aggregation effect. On the other hand, heterogeneity in team size (the "team diversity" effect) will tend to increase diversity and thus reduce profit. In general, either of these two effects may dominate, but, interestingly, when the diversity in team sizes is not too different from the diversity in individual valuations, the two effects roughly cancel out.
To see this, assume that for a team ϕ ÎF , the number of consumers in this team, n ϕ , is distributed with a probability mass function g n ( ) ϕ . To keep things simple, let us start by exploring the case where n ϕ is either 1 (individuals) or 2 (pairs), and consumer demand is originally To maximize profit, the seller will set d dp π = 0 . The resulting first order condition is d p dp 
b. Arbitrary Distributions of Team Sizes and Valuations
As is surely already clear, the interplay between the aggregation effect and the team diversity effect can either enhance or diminish profit. We showed in Part II, for example, that when team size is constant, the aggregation effect dominates and profit always increases. When team size varies widely, by contrast, the team diversity effect may instead prevail. In this part, we explore more general cases in the middle of the range --cases where both effects have relevance, and hence profitability can move in either direction.
Each such case will be defined by two parameters. The first parameter will be some specific assumption as to the pattern of team sizes. Consumers might (as above) always share the good in teams of size one or two; or they might tend to share it in teams such that the distribution is (say) normally distributed around a mean size of three. The second parameter will be another distribution, this one representing consumer valuations in the original demand curve. The original demand distribution is relevant since, if consumer preferences are relatively predictable even without sharing, the marginal benefits of aggregation can at most be small. Conversely, if individual consumer preferences initially vary widely, aggregation can significantly improve profit even if team size diversity is also substantial.
With these factors in mind, we begin by developing a limiting theorem that establishes a rough relationship between profit, the diversity inherent in the original demand curve, and team size heterogeneity. Specifically, we show that if member valuations are independent and team sizes are large but varied, then profit is almost entirely determined by the distribution of team sizes. We then show in the simulations that follow that, even though the theorem is derived under a large team assumption, it nevertheless offers a useful approximation for the cases of interest here, cases where team size is varied but relatively small. This limiting theorem is important for two reasons. First, it establishes a general rule of thumb as to when sharing will be profit-enhancing, profit-diminishing, or limited in its effect.
Specifically, the theorem suggests that, when teams are of large size, profit under any team pattern will closely approximate the profit a seller would have earned were individual consumer valuations distributed according to that same pattern. Thus, if team sizes are uniformly distributed and consumer demand was originally distributed according to (say) a certain Gaussian distribution, an information seller with the option of producing a sharable good is choosing between two demand alternatives: allow sharing and thereby exchange the Gaussian demand distribution for the uniform one; or prevent sharing and sell into the Gaussian distribution. The relative profitability of various demand distributions is easy to calculate; our theorem therefore provides a workable test to determine whether sharing will increase or decrease profit in a given market.
Second, in certain circumstances, the distribution of team sizes might be better known than the distribution of consumer valuations. In such cases, a seller may be able to take advantage of the limiting theorem to in effect transform demand from a relatively unknown pattern (original demand) toward a more familiar distribution.
Consider a probability distribution function f that allows only nonnegative valuations, has a finite mean µ f , and finite variance σ f 2 . Let π f * be the optimal profit (as a fraction of the total area under the demand curve) for a seller facing individual consumer valuations distributed according to f. Define g to be a probability mass function representing a distribution of team sizes with mean µ g consumers share the information good in teams, and the distribution of team sizes has probability mass function g, as µ g increases, the optimal profit π g * received by the seller (again expressed as a fraction of the total area under the demand curve) converges on expectation to π f * :
Proposition 3:
Thus, when consumers share the good in large teams, the primary determinant of seller profit is the distribution of team sizes rather than the distribution of consumer valuations. The following corollary is a natural extension:
If consumer valuations and team sizes have the same distribution, then sharing and not sharing are equally profitable on expectation in the limit as team size increases.
Clearly, it also follows from Proposition 3 that, if the distribution of team sizes is more favorable (e.g. more concentrated) than the distribution of individual valuations, sharing will be beneficial in the limit. Similarly, when the distribution of team sizes is less favorable, sharing will tend to reduce profit. The analysis of constant team sizes in part II can now be seen to be simply a special case of this more general result. A constant-value distribution, after all, will always be more favorable than any other distribution of values.
How large can these profit-enhancing and profit-reducing effects be? There is actually no theoretical limit to the amount by which sharing can increase or decrease profit. For instance, there are some distributions of individual consumer valuations for which the maximum profit extracted by the seller is an arbitrarily small fraction of the total area under the demand curve. 37 In these cases, if sharing were allowed, its beneficial effects could be arbitrarily large. Indeed, were sharing to occur in large teams of constant size, the seller would capture nearly the full value of his good instead of capturing just that negligible fraction. At the other extreme, if initial consumer valuations are distributed in a very favorable manner, but team sizes are distributed in a strongly unfavorable manner, then sharing can dissipate essentially all of the seller's profit.
In practice, of course, neither of these extreme cases is likely to result. To get a sense of the likely significance of the reshaping of demand due to sharing, we have simulated the outcomes for a variety of different situations, using a selection of the most commonly used demand curves. The simulations are also useful because Proposition 3 and its corollary were derived for large teams and
are not very precise for smaller teams. By simulating a broad array of team size patterns and initial demand distributions, we have found that the theorem is nevertheless a valuable guide even in the small team setting.
A sampling of our simulation results is included in Table 1 . There are several notable features in the simulation results. The first row represents the relative profit when all teams have exactly 3 members. Reading across, we see that sharing has no effect on profit when individual valuations also are constant, but increases profit substantially for all other distributions in this row. For instance, if individual valuations are distributed uniformly between 0 and 1, then sharing in teams of size 3 will increase profit by over 14%. 38 This row can be interpreted as reflecting the pure "aggregation effect" of sharing; in these cases, after all, there is no team diversity. Similarly, the first column can be interpreted as capturing the pure "team diversity effect" --in each case, consumers with identical valuations are assumed to team together in various patterns and, hence, buyer diversity can only increase. As one might expect, going from a demand curve based on constant individual valuations to demand curves in which valuations are dispersed because of non-constant team sizes always works to lower profit.
Relative Profit Under Sharing
Each of the other cells represents a different combination of the aggregation and team diversity effects. Net profit sometimes increases and sometimes decreases. For instance, when individual valuations are distributed according to a power distribution (also commonly known as a constant elasticity demand function), it can be particularly difficult to extract profit. Hence, allowing such goods to be shared and thereby reshaping the demand curve will usually increase profit, often by 50% or more. Conversely, if team sizes follow a power distribution, sharing will almost always reduce profit by reshaping the demand curve in an unfavorable direction.
The diagonal (in bold text) represents cases in which both the individual valuations and the distribution of team sizes follow the same distribution. As predicted by Corollary 3a, the profit ratio tends to be close to 1 in most cases. The ratios do differ from 1 somewhat because the Proposition relies on the law of large numbers and here we use teams with a mean size of only 3.
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The profit implications of small-scale sharing will of course vary depending on the actual distributions of individual valuations and team sizes relevant to the good in question. However, it is useful to consider the effect on profit assuming that team sizes follow the actual distribution of household sizes in the United States, and using some empirical estimate for the distribution of consumer valuations for information goods. We obtained the distribution of household sizes from the 1997 Statistical Abstract of the United States. 40 We are not aware of any estimates for the demand elasticity of information goods, but Brynjolfsson 41 did find that the demand for all types of information technology could be accurately approximated by a log-linear function with an exponent of approximately -1. Using these two data sources, we find that sharing increases profit by 13.5%
compared to a baseline case with no sharing.
c. Correlated Team Member Valuations
In the Introduction, we noted that, while in parts II and III we would assume team member valuations to be independent, it was possible that, in practice, valuations were somehow correlated.
For instance, it is possible that friends tend to have similar taste in music, so music is therefore shared among individuals with highly correlated valuations. Alternatively, households may consist of adults and children with very different willingness-to-pay for word processing software.
The topic of correlations has been extensively analyzed in the bundling literature, and many of those results carry over to the social sharing setting. 42 For instance, a negative correlation in team member valuations will tend to decrease buyer diversity and increase profit, much as a negative correlation between a consumer's valuation for two bundled goods typically makes bundling more attractive for the seller. 43 This implies, for example, that although information providers may find it unprofitable to price low enough to sell significant quantities individually to children or teenagers, they may nevertheless find it profitable to allow parents to share information goods with the rest of the household. Sharing might also increase profit in the presence of a positive correlation between team member valuations, as long as the correlation is not perfect; however, akin to positive correlations in the commodity bundling context, 44 the beneficial effect will be markedly smaller when the correlation is high.
It is also possible that the propensity to share will be correlated with consumer willingnessto-pay. For instance, financially-strapped teenagers may be more likely to tape one another's CDs than are successful businessmen. It is easy to see that diversity in team valuations will be reduced if, ceteris paribus, team size is negatively correlated with the average valuation of team members.
In this case, sharing will be more profitable than it would be were team size unrelated to individual valuations. By charging a single price for the original copy, the seller effectively charges a lower per-copy price to members of larger teams. Such differential pricing will increase profit if it reflects the distribution of individual valuations.
While it might seem to be a rare and fortunate coincidence for the seller to face a negative correlation between valuations and team size, there is reason to believe that this pattern may frequently arise as a natural equilibrium. Suppose that sharing imposes some inconvenience or congestion cost on team members and that consumers with high valuations are less willing to incur the inconvenience cost of sharing. This seems quite plausible; if nothing else, foregoing access to the good for any given amount of time will be more costly to an individual who values it highly. In this case, individuals will naturally sort themselves into team sizes based on valuations. High value consumers will choose to pay a higher effective price by being in smaller teams, including "teams" of size one. 45 Low-valuers will tolerate the inconveniences of larger teams. In such cases, aggregating demand into teams will be even more effective at reducing buyer diversity.
IV. Degradation of Shared Goods
We have assumed thus far that consumers would value a shared information good just as much as they would value an unshared original. This is why we were able to claim that teams of consumers would be willing to pay up to the sum of what each team member was willing to pay individually. Of course, this is a vulnerable assumption. Copying technologies are at times imperfect; and, even if that were not a problem, sharing itself often imposes non-zero coordination and transaction costs. These effects can make shared information goods less valuable than originals.
The extent of the decrease probably varies with the type of good. Copies of educational software might be close substitutes for legitimate versions; the copying is inexpensive, and any missing packaging or manuals are often either of little value, or are easily and inexpensively replaced. A passed-along magazine similarly retains much of its value, unless difficulties in coordination mean a significant delay in the sharing. On the other hand, a tape recording of the latest compact disc is often of diminished value, both because of its sound quality and the costs of duplication.
To whatever extent these factors cause shared information goods to be of lesser value, our model does overstate total demand. This overstatement is not so severe as might at first be expected; after all, in every team, at least one consumer enjoys access to the original version. Other consumers, however, would compensate for transaction costs, coordination costs, and any diminution in quality by decreasing their willingness-to-pay. That decrease would, in turn, translate into lower direct profit.
Offsetting this factor, however, is a corresponding decrease in the costs incurred by the producer of the original information good. This is the point first made by Besen and Kirby. 46 In a world without sharing, producers must create and distribute one copy of the good to each ultimate consumer. With sharing, by contrast, the producer need only deliver one copy to each team. The teams then duplicate and/or distribute the good to members. 47 Every unit that is potentially undervalued by the factors discussed above, then, is also a unit that the producer brought to market at zero cost. In some cases, this balance likely tips in favor of the producer; in others, it represents a decrease in profit.
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In addition to the unavoidable product degradation discussed above, we find that a producer might benefit from intentionally designing his product so that copies are less valuable than originals.
Imagine, for example, that the maker of a popular word processing program believes it can maximize profit by discouraging adults from sharing with other adults, but encouraging parents to share with their children, as discussed in part III.c above. By implementing the appropriate degradation strategy --say, refusing to sell customer support to users other than registered, legitimate purchasers --such a seller might induce the desired behavior. Youngsters (who tend not to value customer support) would continue to share with their parents unabated, but teams of adults would be more likely to purchase multiple legitimate copies. 49 We illustrate how intentional product degradation can beneficially reshape demand in the following simplified setting: 50 1. Consumers have two possible valuations, which we refer to as "high" and "low" and denote
. A fraction α of consumers value the information good at v H , leaving a fraction 1 − α that value it at v L .
2. Consumers form teams of size 2 (e.g., they pair with an associate). These pairs are exogenously formed, as they would be if based on pre-existing social relationships. We assume that the valuations v 1 and v 2 of the two members in each team are not correlated.
3. The seller sets a price, p, and a degradation level, d, for shared goods, e.g., by deciding how much service to deny non-original copies. If a good is shared, the user of the original enjoys its full utility, while a maximum utility level d can be enjoyed by the user of the copy.
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We continue to maintain the assumption that originals can be produced at zero cost, which rules out the possibility of any production-cost savings from sharing.
Given the price, p, and the degradation level, d, each consumer team will fall into one of three categories: (a) those that purchase two originals and thus do not share the information good;
(b) those that do not purchase the good; and (c) those that purchase a single original and then share the information good.
A team will fall into category (a) when the member of the team with the lower utility prefers to purchase an original at price p rather than get utility d from a shared copy. This will be the case if The optimal p will depend on the distribution of valuations.
In the above setting, Proposition 4 demonstrates that, depending on the initial distribution of valuations, it may be possible for the seller to obtain higher profit by strategically degrading copies of the information good, i.e., by setting d > 0 but less than v H .
Proposition 4:
For some distributions of valuations, the seller of an information good can increase profit by strategically degrading copies to a value less than that of originals, but more than zero.
While Proposition 4 shows that sharing can become more profitable if copies are made less valuable than originals, it should be noted that it is not always profitable to degrade copies. The benefits derive from the possibility of reshaping a demand curve that is initially unfavorable to extracting profit (i.e. one in which some teams have valuations that are significantly higher than others), into one more conducive to profit-extraction.
V. Limitations
The aggregation and team diversity effects modeled in this paper will reshape demand and thus influence profitability whenever three conditions hold: (1) by virtue of some form of intellectual property protection, regulatory structure, or first-mover advantage, a seller has market power and thus can set his price instead of being forced by competitive pressures to charge a price equal to marginal cost; 52 (2) consumption of the shared good is largely non-rival, such that purchasers and copier/borrowers can each enjoy the good at approximately its full value despite the sharing; and (3) social norms, a legal rule, or a product packaging decision cause the relevant sharing to occur among friends and family members, not as part of an efficient market for secondhand goods.
These conditions hold in many settings, but seem especially likely in cases where consumers casually share information goods. Consider the market for computer software. Copyright protection gives software producers some degree of market power by limiting competitors in their ability to sell an identical good. Consumers can pirate computer software without significant expense and hence can share in a largely non-rival fashion. And legal rules, while unable to stop piracy altogether, do serve to encourage consumers to pirate quietly --sharing with friends and family members but not risking detection by sharing with acquaintances or strangers.
Cable television offers another example of a good to which the model likely applies. Cable providers enjoy significant market power, both because cable programming is protected by copyright and because, in most communities, cable itself is provided monopolistically. Cable can be shared among family members, at least to the extent they watch at different times or have similar viewing preferences. And, again, this information good will primarily be shared only within close social circles since, to share, viewers must have access to common television equipment.
Where any of the three conditions are violated, of course, the model will not apply. For example, the argument does not apply very well to homogenous goods sold in competitive markets.
Sellers of these goods have little ability to set their prices above the level of marginal cost. Likewise, our model does not explain the types of sharing facilitated by used bookstores and video rental establishments --two mechanisms that help strangers share information goods in a market setting.
53 Finally, our model is unlikely to be compelling in cases where the shared good is a tangible resource (e.g., a car or computer), since one consumer's use of such a good often precludes another's, and this competition causes both consumers to lower their valuations.
Furthermore, even where our model does apply and, hence, demand aggregation and team diversity both work to reshape demand, the overall profit implications will not depend on these effects alone. Instead, other factors --including the changes in production costs first considered by
Besen and Kirby --also have relevance, and it is the combination of these many factors that will determine profitability in any given case. For example, the sharing of a magazine is likely to implicate both the Besen-Kirby model and our own: sharing in this case is surely less expensive than original production; but sharing also likely significantly reshapes demand. The relative importance of each factor will vary with the type of good. The effects we discuss are likely to have their greatest empirical relevance when the seller's marginal costs of production and consumers' marginal costs of sharing are either both low, or simply roughly comparable. The effects emphasized by Besen and Kirby, by contrast, will have particular application in cases where the difference between those costs are significant.
Conclusion
Until now, scholars considering small-scale social sharing have argued that profitability turns largely on the relationship between consumers' marginal cost of sharing and sellers' marginal cost of producing original units. This is unquestionably an important factor. However, our work here suggests that the role sharing plays in reshaping demand will often be equally or more important. Sharing, we find, will typically increase profitability where demand aggregation serves to decrease buyer diversity, but decrease profitability where heterogeneity in team sizes is so severe that it outweighs the aggregation effect. As a result, public and private policies that simply focus on the total amount of sharing done, without regard to the types of teams that do the sharing, will often severely miscalculate the effect on profit. Depending on the nature of demand reshaping induced, a given amount of sharing will, in some cases, diminish seller profit, while in other cases that same amount of sharing will actually increase it.
Producers, of course, need not idly sit by while sharing transforms demand. As highlighted in Part IV, strategic degradation can be used to influence team size, formation, and behavior, thereby encouraging consumers to share in ways that increase profitability. Moreover, natural sharing patterns will themselves sometimes enhance profitability, as where high-valuing consumers tend to be less willing to share than their low-valuing counterparts. One purpose of our analysis has been to uncover these demand-shaping tools and situations.
Our main goal, however, has been to focus attention on a new set of issues related to smallscale sharing. Two decades ago, the realization that commodity bundling could not only affect production costs, but also reshape consumer demand, provided a valuable new perspective for both business strategy and social policy. By highlighting how sharing can reshape consumer demand in information markets, we hope to introduce similar issues into the legal, economic, and strategic analyses of information policy. represent the total willingness-to-pay for the team, and denote by f n and F n the probability density function and cumulative distribution for w n .
By assumption A2, w 1 is uniformly distributed in [ , ] 0 1 . When selling to teams of constant size n , the seller faces demand corresponding to a distribution of valuations given by f n ; at a price np n , i.e., p n per consumer, the seller will sell to a fraction q np
of teams (and consumers). By assumption A2, the resulting profits will be π n n n n p q np = ( ). The seller will set his price at p n * per consumer, which results in the optimal profit π n * , and corresponding salesnp n n n
When selling to teams of size n + 1 at price p per consumer, the seller will realize sales of 
It follows from (1) , contradicting the optimality of p n * .
Since according to assumption A6, p 1 * < µ , the above reasoning can be applied inductively, proving the proposition for teams of any size $ n > 1.
Corollary 2a follows directly from the proof of Proposition 2, as π
Proposition 3
Let m denote the total number of consumers, and let h be the distribution of consumer valuations, with finite mean µ h and finite variance σ h 2 . Then, m g µ is the expected total number of teams, mg n g ( ) µ is the expected number of teams of size n, and m h µ is the total area under the demand curve.
The expected total valuation of a team of size n is n h µ , and thus the total willingness-to-pay of consumers in teams of size n as a fraction of the total area under the demand curve is ng n m ( ) . Thus, on expectation, the demand curve faced by a seller selling to teams with team size distributed according to g is identical to the demand curve faced by a seller to individual consumers whose valuations are distributed according to g, with the demand curve for teams scaled by µ g , so that the mean team valuation is µ µ g h . It follows that the profit maximizing quantity $ * q g (as a fraction of the total number of teams and consumers respectively) and profit $ * π g (as a fraction of the total area under the demand curve) when selling to consumers will be identical to the corresponding quantity and profit when selling to teams, or $ * *g g = and $ * * π π g g = .
In the limit as A stronger version of Proposition 3 holds as well, with convergence in probability: As µ g → ∞,
. To show convergence in probability, we must show that for any ε > 0 , there is a large
In the limit as µ g → ∞, and for any fixed team size $ n , the total valuation of groups of size less than or equal to $ n (as a fraction of the total area under the demand curve) converges in probability to zero. Thus we can assume that optimal price, quantity and profit is determined by teams of arbitrarily large size. This allows us to apply Proposition 1 in Bakos and Brynjolfsson 54 , which implies that for teams of large enough size, the total team valuation (as a fraction of the total area under the demand curve) will converge in probability to its expected value. Thus, as
, and π
Proposition 4
Proof by example: In the setting discussed in the text, if α α α α which is given by g(k), where g is the density function of the team size distribution. The simulation is run one million times for each density function, hence the total number of teams of size k is 10^6*g(k).
We restrict k to be an integer. For distributions with no upper bound in the domain, we generate teams of size k up to the point where 10^6*g(k) is less than 1 (i.e. less than one team in a million is this large).
The exception is the power (-1 For each distribution, we calculate profit by dividing the relevant quantities into a grid with a step size of one ten-thousandth of a percentile (i.e. 1.0x10 -6 ). For each quantity, we determine the corresponding price, based on the estimated demand function, and then calculate the corresponding profit. Finally, we choose the price and quantity that maximize profit for the function.
To obtain the ratios in the table, we first adjust profit by team size: an item sold to a single team of size k could have been sold to k individuals instead. Thus we divide the total profit for that team by k to give the profit per consumer from team sales. Next, we divide the adjusted profit by the profit that could be obtained by selling to individuals with the same valuation distribution but without any sharing.
Therefore, a ratio larger than 1 can be directly interpreted as indicating that allowing sharing, given the specific distributions, is more profitable than not allowing sharing.
The distribution and density functions that are used are as follows: 
Distributions for Team Sizes
Constant team size:
Dirac density function with point mass at 3
Uniformly distributed team size:
Gamma distributed team size:
, where
Power distribution of team size with an exponent of -1:
Exponential distribution team size with parameter 3:
Normally distributed team size with mean 3 and variance 3: family works against price discrimination because it makes it harder for sellers to sort customers into homogeneous groups."). 23 In contrast, earlier papers assume that each team member makes an equal contribution toward the team's purchase and so a team's valuation equals n times the lowest valuation of any team member, where n represents team size. The market metaphor naturally leads to this conclusion since it allows individuals to shop for the team with the most attractive terms. See, e.g., Besen & Kirby, supra note 1 at 261, 264-65; Varian, supra note 5, at 3. As we point out in the Introduction, this process works to deny low-valuation consumers access to the good. Interestingly, this process also yields an allocation under a sharing assumption that is quite similar to that which would obtain under a nosharing assumption. 24 Although, the aggregation effect would obtain if an organizer for each team could act as a perfectly discriminating mini-monopolist, charging each team member a price equal to that consumer's specific valuation.
However, this begs two important questions: (1) the question of how the team leader would have such detailed knowledge of team members' valuations; and (2) the question of how the mini-monopolist would avoid competition and hence maintain monopoly power. One answer to both questions might be that the team members are all part of a common social group like a family, an answer that brings us back full-circle to the social sharing assumption. 25 In Besen & Kirby, supra note 1, for example, all teams have access to an identical technology for making copies and, in equilibrium, all teams are the same size because access to copies is the raison d'etre for the teams. A similar conclusion is reached by, e.g., Varian, supra note 5, at 2, and also Gopal & Sanders, supra note 5, at 33. 26 In fact, the prior papers (Varian, supra note 5; Besen & Kirby, supra note 1) have shown how sharing is even more likely to increase profit where the marginal costs of production are positive. For now, we assume this benefit away so as to better focus on the direct revenue effects of demand aggregation. We consider the role of marginal cost infra part IV. 27 Earlier models, by contrast, assumed that consumers with low valuations would be excluded from teams, or that consumers team together exclusively with other consumers like themselves. See, e.g., Varian, supra note 5, at 3. 28 Sharing might similarly increase the value of the good that is shared. For instance, in our software hypothetical, members of the group might assist one another in their use of the good or induce any of a number of network externalities that come from having several consumers using an identical program. These advantages, however, are often not benefits of sharing per se; they could be achieved simply by purchasing multiple copies of the good. Thus, while we do not dispute their existence, we do not focus on these beneficial effects of group consumption. 34 See sources cited supra note 20.
35 As mentioned supra note 29, most prior work never reaches this interesting case. Those papers implicitly or explicitly assume that each information good is enjoyed by the same number of consumers. Such an assumption would be plausible if sharing were a market phenomenon, but seems to contradict common experience with respect to smallscale sharing.
36 This is a valid probability mass function, as it is easy to verify that g n ( ) > 0 for all n, and g n ( ) = −∞ ∞ ∑ 1.
37 For instance, consider the constant elasticity demand curve log q = a -log p, over some relevant range of support, as is commonly used in empirical work. For a small enough value of a or large enough support, the ratio of profit to total demand can be made arbitrarily close to zero. 38 In part II, we showed that sharing in teams of size two would increase profit by just under 9%, so our results above illustrate Corollary 1a: given a constant team size distribution, sharing in larger teams is generally more profitable than sharing in smaller teams. 39 Simulations with larger mean team sizes fairly rapidly approach 1 for most distributions, as theory would predict. For instance, with mean team size equal to 10, the profit ratio for sharing a good with uniformly distributed consumer valuations in teams that are also uniformly distributed rises to 0.9848 and in teams with mean size 20 it rises to 0.9920 (versus 0. 9597 in 
